ABSTRACT: To study the antiseismic performance of the cross section steel special-shaped column, the author builds three groups of model with seven components by using ANSYS10.0 and presents the stress and deformation form, failure modes, hysteretic curves, skeleton curves and stiffness degradation of the components. In the light of the analysis on how axial compression ratio, flange depth-thickness ratio and web depth-thickness ratio affect the anti-seismic performance, it is concluded that: with the increase of the axial compression ratio, indicators such as hysteretic behavior and ductility performance index decrease. Taking into consideration of various elements, in the antiseismic design of the cross section steel column, it is appropriate to set the axial compression ratio to 0.4 or so.
INTRODUCTION
With the increase of the functional requirements in high-rise buildings (Huidoug Zhang, Yuanfeng Wang, 2012, Energy-based study on the dynamic elastic plasticity seismic capacity of a high-rise steel structure), growing number of high-rise buildings, and improvement of height, the shape of the structure changed following (Xiangming Zhou, Guoqiang Li, 2013, A macro-element based practical model for seismic analysis of steel-concrete composite high-rise buildings; Pooya Lotfabadi, 2014, High-rise Buildings and environmental factors). Steel special-shaped column (Xian Rong, et al, 2013 , Experimental research on seismic behavior of joints of specially shaped columns) is one of the new structures complying with this change (António J.P. et al, 2013, A simplified calculation method for fire design of steel columns with restrained thermal elongation). Though cross steel special-shaped column (Ailin Zhang, et al, 2010, Experimental research on steel specially shaped columns with cruciform section under cyclic loading; Zhihua Chen, et al, 2006 , Experiment of axial compression bearing capacity for crisscross section special shaped column composed of concrete filled square steel tubes) overcome the malpractice of the column corner exposure in outdoor (Yiyi Chen, Wei Wang, et al, 2010, Development and key technical issues on energy dissipation Capacity of joints in steel structure), stress concentration occurred in some sectional components during their working process (Stefano Sorace, 2014, Analysis, design and construction of a base-isolated multiple building structure). It has a strong impact on bearing behavior and antiseismic performance of the steel special-shaped column. So it is necessary to study the antiseismic performance of the cross section steel column (Yuyu Li, Yan Xiao, 2014, Experimental study of double-steel encased transfer beam and SRC column connections).
MODEL DESIGN
Cross section is one of main sections of steel special-shaped column, which is used for center pillar in high rise frame structure, bears axial force and bending moment, and belongs to flexural number. Its slenderness ratio is still small, so overall instability has low probability to occur. This article main studies axial compression ratio, flange depth-thickness ratio and web depth-thickness ratio, which have influence on the law in antiseismic performance of component (Chengkui Huang, et al, 2002 , Study of ultimate axial compression ratio for specially-shaped columns; J.S. Kuang, Y.P. Yuen, 2015, Ductility design of reinforced concrete shear walls with the consideration of axial compression ratio). The established three group models include seven components. The design of model reduced-scale (1:2) is based on current international section steel, as shown in Figure 1 . For all component models, the length is 1350mm, the cross section height is 250mm and the flange width is 100mm, as shown in Table 1 . In the table, combinationⅠshows that flange depththickness ratio λ f is equal to web depth-thickness ratio λ w , but axial compression ratio n are different in A-1, A-2, A-3; combination Ⅱ shows that axial compression ratio n equal to web depth-thickness ratio λ w but flange depth-thickness ratio λ f are different in A-2, B-1, B-2; combination Ⅲ shows that axial compression ratio n equal to flange depth-thickness ratio λ f but web depth-thickness ratio λ w are different in A-2, C-1, C-2.
3 BOUNDARY CONDITIONS AND LOADING SCHEME This paper uses Ansys software. In order to achieve a good effect to simulate the mechanical behavior of cross steel special-shaped column, according to section trait, this article uses SOLID92 and von Mises yield criterion. SOLID92 has this trait such as plastic, stress strengthening, and large deformation and strain.
Steel adopts multi-linear kinematic. In Ansys, initial geometric imperfection can be avoided by amend model nodes, which can be presumed as a buckling mode of the component or a combination of some models. In Ansys calculating process, it will analyze model's whole eigen value to get the first mode replace primary model, thus it can imitate model's initial imperfection. This paper uses free divided grid to control the precision, which can imitate the mechanical behavior of cross steel special-shaped column component. The model is shown in Figure 2 . From the graph we can see that all the curves are similar (except C-2) and they accord with spindle shaped characteristics. The hysteretic curve is plump that means the whole structure has a strong deformability, good seismic performance, mechanical behavior and energy dissipation capacity. At repeated loading time, component is in elastic stage, and the area of the hysteretic curve enclosed is negligible. Deformation is small and energy dissipation capacity is not obvious. Elastic deformation is the main deformation in this stage. When the component is under repeated loading process, through the load decrease to zero after some time, the components internal still have residual stress and residual deformation. Those are initial imperfection for the components' next step in opposite side loading. And those initial imperfections will increase with loading time. There are many factors influence hysteretic curve by analyzing, and the main factors are: axial compression ratio, flange depth-thickness ratio and web depth-thickness ratio, etc. The components which have a small axial compression ratio, flange depth-thickness ratio and web depth-thickness ratio will have a large ultimate load and the hysteretic curve will be more plumpness.
SKELETON CURVE
Link the maximum load of the hysteretic curve with same loading direction, by which we get the skeleton curve, as shown in Figure 5 . The curve can be divided into three stages: elastic stage, plastic stage and plastic failure stage (except A-1). When the components come into plastic stage, the curve is gentle and the capacity slowly increased. When it gets to ultimate load, it will come into plastic failure stage. It shows that the components experienced all the process. The main factors which influence lateral stiffness and bearing capacity are axial compression ratio, flange depth-thickness ratio and web depth-thickness ratio. The trends of forward and reverse loading curve are the same. Bearing capacity and ductility performance will decrease when axial compression ratio n increased. But the decrease is not obvious. Different axial compression ratio n components have the same ultimate load. When axial compression ratio n=0.2, components horizontal load is hard to come to descent segment after it arrived to ultimate load which has good ductility performance. When axial compression ratio n=0.4, components horizontal load will decrease after it arrived to ultimate load but it's slowly. Its ductility performance will also decrease. Components horizontal restoring force will decrease under the same horizontal displacement and its energy dissipation capacity will also decrease. When axial compression ratio n=0.6, components horizontal load will decrease fast after it arrived to ultimate load. It shows that its ductility performance and seismic behavior decrease a lot. So we suggested that axial compression ratio of the components should not be too large. Think about comprehensive factors, 0.4 is a better value of the axial compression ratio. Flange depth-thickness ratio λ f which influences hysteretic appears in that bearing capacity and ductility performance will decrease when flange depth-thickness ratio λ f increased. But it is not obvious. When flange depth-thickness ratio λ f reaches to a certain value, it will decrease the sensitivity of the bearing capacity and other factors that determine the size of the ultimate bearing capacity.
STIFFNESS DEGRADATION
Stiffness degradation can be defined as a sustained increase in material deformation and stiffness will decrease when it reached a maximum. In each ring, the stiffness of member degenerates due to repeated load. There are two factors affect stiffness degradation phenomena: member loading cycles and member stiffness degradation, which can be expressed at a certain hysteresis loop of the size of the deformation member, as shown in Figure 6 . column reduce a little and those three curves substantially coincide. In the initial load, stiffness are 9.1KN/mm around, which shows that the change of the axial compression ratio n has little effect to the mechanical behavior of cross section steel special-shaped column. With the increase of flange depth-thickness ratio λ f , the initial stiffness has big differences in the initial cyclic loading. The initial secant stiffness has different reduce. Components A-2 is 9.1KN/mm, Components B-1 is 7.7KN/mm, and Components B-2 is 5.5KN/mm. It can be seen that the flange depth-thickness ratio λ f of the cross section steel special-shaped column should not be too small. With the increase of web depth-thickness ratio λ w , the initial stiffness has large difference under cyclic loading. The initial secant stiffness have different reduce. Components A-2 is 9.1KN/mm, Components C-1 is 8.2KN/mm, and Components C-2 is 6.8KN/mm. It can be seen that the web depth-thickness ratio λ w of the cross section steel special-shaped column should not be too large.
CONCLUSIONS
According to research by the mechanical behavior of paper shaped cross-sectional steel column members under unidirectional and cyclic loading, we reached the following conclusions and design recommendations.
1) The failure model of the cross section steel special-shaped column has gone through three distinct phases: elastic stage, elastic-plastic stage and plastic failure stage local buckling instability. The main damage is plastic deformation and the component has a full progress. The buckling instability site first appeared on flange of the loading end. It's a typical form of local plastic buckling failure mode.
2) The main factors which influence the antiseismic performance of the cross section steel special-shaped column are axial compression ratio n, flange depth-thickness ratio λ f and web depth-thickness ratio λ w . They influence each other and have close link. The hysteretic curve is plump. It has good ductility and energy dissipation capacity and it can be applied to the multi-story steel structure.
3) With the increasing of the axial compression ratio n, the hysteretic behavior and the ductility performance of the components will decrease. Think about comprehensive factors, we suggest the axial compression ratio n should be limited and 0.4 is a better value of the axial compression ratio.
